The oral and maxillofacial region is a very important part of the human body. It represents the beginning of the digestive tract, and connects the nasopharyngeal region with language, breathing, chewing, swallowing, and other important functions. Therefore, repair of postoperative defects in the oral and maxillofacial region is crucial to postsurgery quality of life.

With the development of microsurgery, the forearm free flap has become the first choice for the reconstruction of oral and maxillofacial soft tissue defects. The flap has the advantages of providing a constant anatomy, requiring simple preparation, having a comparable larger vascular caliber, and allowing easy anastomosis. Thus, it is the best choice for repairing defects of the tongue body and the floor of the mouth, the buccal, gingival, and throat side, and the soft palate region.^[@R1]^ In the truest sense, use of the forearm free flap can achieve functional reconstruction, effectively repairing disorders of the oral form and function caused by soft tissue defects, which has a major psychological impact and causes a reduction in quality of life.^[@R2]^

Here, we describe the clinical application of a pedicled forearm flap for the reconstruction of soft tissue defects after oral cancer operation in 31 patients treated at our hospital since 2012.

PATIENTS AND METHODS
====================

Patients
--------

Thirty-one patients with oral cancer attending the Affiliated Stomatology Hospital of Kunming Medical University, who underwent repair of soft tissue defects after oral cancer resection using a pedicled forearm flap, from July 2012 to July 2016, were included. Of these patients, 19 were male and 12 were female; patients were aged between 39 and 69 years, with a mean age of 54 years. There were 13 patients of tongue carcinoma, 7 patients of buccal carcinoma, 7 patients of mouth floor carcinoma, and 4 patients of gingival carcinoma. In terms of TNM stage, 24 patients were T~1~N~0~M~0~ and 7 patients were T~2~N~0~M~0~ (Table [1](#T1){ref-type="table"}). The preoperative diagnoses were confirmed by pathological examination in all patients.

Operation Procedure
-------------------

Under general anesthesia via nasoendotracheal intubation, all the patients underwent 2-team surgery simultaneously.

*Recipient Site* (performing functional neck lymph node dissection and removal of the primary tumor): Using a modified lateral lip--submandibular approach, the initial incision began from the lower lip vermilion, approximately 0.5 cm from the ipsilateral cheilion, and then descended downward and backward along the nasolabial sulcus to about 1.5 cm beneath the inferior edge of the mandible (Fig. [1](#F1){ref-type="fig"}A). Soft tissue was isolated from the depth of the platysma to the lower edge of the mandible; the external jugular vein was ligated at the superficial layer. In the deeper layer, the facial artery, the posterior facial vein, and the internal jugular vein were located and protected for blood vessel anastomosis. The sternocleidomastoid muscle was revealed and lateral traction was consistently applied. The lymph and cellular tissue was cleared away between the internal jugular vein and the carotid bifurcation, and the lymph node and lymphoid tissue was also cleared away around the internal jugular vein, the anterior cervical and deep cervical arteries. Then, toward the jaw and chin, the submandibular gland, lymph node, and lymphoid tissue of the submandibular and submental region were removed (Fig. [1](#F1){ref-type="fig"}B). After cleaning away the fat and lymphoid tissue outside the carotid sheath in the carotid triangle, the tunica was carefully opened, dissected, and separated along both sides of the internal jugular vein; it was then fully freed after the internal jugular vein was pulled forward, and the adipose and lymphoid tissues of intrathecal and perivascular region were cleared away. Finally, the neck operation region was flushed with copious amounts of physiological saline. Light iodophor was used to rinse the oral cavity, and the primary tumor lesion resected with an enlarged margin of about 1.0 cm. From the edge of the tumor lesion, a biopsy sample was taken intraoperatively and frozen.

![Operation procedure of functional neck lymph node dissection and forearm free flap transplantation. (A) The modified lateral lip-submandibular approach. (B) Lateral functional neck dissection. (C) The design of pedicle forearm flap. (D) The harvested pedicle forearm flap. (E) Free forearm flap transplantation to the oral cavity. (F) Abdomen free skin graft in the forearm donor site.](jcrsu-28-e222-g001){#F1}

*Donor Site* (performing forearm free flap transplantation): The location of the radial artery and cephalic vein was marked on the surface of forearm for a length of about 6 and 5 cm, respectively, using methylene blue. Then, the marked blood vessels were used as the axis to design a spindle-shaped free flap with a size similar to the recipient site (length: ca. 5 cm, width: ca. 4 cm), using methylene blue. Finally, a 10-cm line was marked at the proximal part of the spindle-shaped free flap (Fig. [1](#F1){ref-type="fig"}C).

During surgery, the radial artery, radial vein, cephalic vein, and cutaneous nerve were first located, and the vascular pedicle, about 15 cm long, separated (Fig. [1](#F1){ref-type="fig"}D). The radial artery and the cephalic vein were each ligated, and the cutaneous nerve was carefully protected during the operation.

Then, the prepared pedicled forearm free flap was moved to the area of the oral recipient site, and it was verified that the facial artery and the posterior facial vein were in good condition. Microsurgical anastomosis of the radial artery and cephalic vein to the facial artery and posterior facial vein, respectively, was then performed. During surgery, the blood vessels were frequently washed with diluted heparin sodium salt solution to avoid formation of thrombi in these blood vessels. Eventually, the flap was closed and sutured to the area of the oral recipient site (Fig. [1](#F1){ref-type="fig"}E). Copious amounts of physiological saline were used to flush the wound area. It was ascertained that there were no obvious bleeding points, and 2 negative-pressure drainage balls were placed under the sutured wound region.

Next, a full-thickness skin flap, spindle-shaped and with a size of about 4 cm × 5 cm, the same size as the forearm flap, was made in the lower abdomen. This was transferred to the forearm wound area to repair forearm skin flap, and the wound closed by suturing (Fig. [1](#F1){ref-type="fig"}F), and with bandage pressure.

Finally, routine postoperative tracheotomy was performed.

RESULTS
=======

In this study, 31 patients were followed up for 3 months to 3 years. The pedicled forearm flap survived in 30 patients (96.77%), vascular crisis occurred in 3 patients (9.67%, 2 patients with successful rescue). Postoperatively, the oral cavity, neck, and forearm wounds underwent 1-stage healing (Fig. [2](#F2){ref-type="fig"}), without salivary fistula, chyle leakage, or infection complications.

![Postoperative wound healing. (A) The lateral view 1 month after the operation, showing postoperative wound healing of the oral, maxillofacial, and neck region. (B) The frontal view 2 months after the operation, showing that the forearm flap had 1-stage healing. (C) The frontal view 20 days after the operation, showing that the forearm donor site had healed well. (D) The frontal view 3 months after the operation, showing that the forearm donor site had healed well.](jcrsu-28-e222-g002){#F2}

Among the 3 patients with vascular crisis, postoperative exploration found that, in 2 patients, the vascular crisis was due to folding and compression of the vascular anastomosis, and in the remaining patient, it was caused by flap hematoma.

During the follow-up period, 1 patient died of cancer metastasis to the lung 2 years after surgery, and the remaining 30 patients were satisfied with the local appearance and function; the articulation and swallowing function of the patients were improved greatly.

DISCUSSION
==========

A forearm free flap can be used to repair defects of oral and maxillofacial soft tissue, and is commonly used to repair large tissue defects after oral cancer surgery.^[@R3]^ A forearm flap has the advantage of suitable color and texture, moderate thickness, a long vascular pedicle, a good blood supply, and strong resistance to infection, and can be used to form a composite tissue flap for the reconstruction of a large oral and maxillofacial defect as well as perforating defects. The forearm flap contains an arterial trunk network.^[@R4]^ The blood supply of the radial skin flap is mainly supplied by the radial artery, which has 2 constant companion veins. The cephalic vein is the main reflux superficial vein of the forearm flap, and the cephalic vein or radial vein can be used for venous return in the forearm flap. The diameter of the cephalic vein is sufficiently wide, and the wall of the vein is moderately thick, to be a good match for the head and neck veins. The cephalic vein is often selected in clinical use for vascular anastomosis, but when making the skin flap, the cephalic vein and the fascia tissue between the radial artery and radial vein should be retained as much as possible. If necessary, we even use both the cephalic vein and the radial vein.^[@R5]^ It has been reported in the literature that free tissue flap transplantation with these 2 venous anastomoses is the most reliable method for preventing secondary thrombosis, and can effectively prevent or reduce the probability of free flap vein crisis. Even if one vein were to become blocked, sufficient reflux could be achieved through the other vein, improving the success rate of this free tissue flap transplantation.^[@R3]^

The quality of vascular anastomosis is the key to survival of the flap. It is necessary to cut the vascular terminus flat and remove the adventitia of the vascular terminus for 2 to 3 mm before the vascular anastomosis.^[@R6]^ If a vascular spasm occurs during the operation, it is necessary to use lidocaine heparin saline to flush and clear the small blood clot inside the vessels. Furthermore, it is important to ensure that no tension, no torsion, and no thrombosis occur in the blood vessels at the anastomotic site. After anastomosis of the blood vessels, the patency should be assessed immediately, and when the surface of the recipient site is closed, the patency of the blood vessels should be evaluated again. If vascular patency is not optimal, testing should be repeated, and if necessary, vascular anastomosis should be performed again.^[@R7]^

Careful postoperative nursing is also an important factor in the success of forearm free flap transplantation. The early observation of any vascular crisis is particularly important. Vascular crisis occurs mostly in the first 24 to 72 hours postoperatively, and particularly in the first 24 hours after the operation. Thrombi form mainly due to obstruction of venous return. It has been reported that if surgical exploration is performed within 4 to 6 hours when vascular crisis occurs, the success rate of rescue success is about 30%.^[@R8]^

Except for the vascular crisis that occurred in 3 patients (2 patients with successful rescue), the remainder of the surgeries in this group were successful, and the total graft survival rate was about 96.77%. This emphasizes that the free forearm flaps have a high survival rate in the reconstruction of soft tissue defects after oral cancer resection. In this group of patients, the shape of the skin flap was good, the color was normal, and the flap did not show any marked distension. Compared with previous patients, the oral function of the patients in this group was markedly improved.

In conclusion, the pedicled forearm flap is a useful skin flap for repairing soft tissue defects after resection of oral cancer, and its clinical application should be promoted.
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Patient Characteristics

  Characteristic             Number
  -------------------------- --------
  Sex                        
  Male                       19
  Female                     12
  Age (yr)                   
  \>50 years old             18
  ≤50 years old              13
  Pathologic type            
  Squamous cell carcinoma    30
  Adenoid cystic carcinoma   1
  Tumor location             
  Tongue                     13
  Buccal                     7
  Mouth floor                7
  Gingival                   4
  TNM stage                  
  T~1~N~0~M~0~               24
  T~2~N~0~M~0~               7
